Objective: Providing melatonin in animal models with spontaneous intracerebral hemorrhage (SIH) has been associated with beneficial effects. However, to our knowledge, there are no published data on circulating melatonin levels regarding the prognosis of SIH patients. Therefore, the objectives of this study were to determine whether serum melatonin levels in SIH patients were associated with early mortality and whether they could be used as prognostic biomarkers. Methods: This observational and prospective study included patients with supratentorial and clinically severe SIH (defined as Glasgow Coma Scale GCS <9) admitted to the Intensive Care Units of six Spanish hospitals. Serum melatonin levels were determined at the time of severe SIH diagnosis. Mortality at 30 days was the study end-point. Results: Non-surviving patients (n = 46) showed higher serum melatonin levels (p < 0.001) than surviving (n = 54) patients. An area under the curve was found for the prediction of 30-day mortality by serum melatonin levels of 0.89 (95% CI = 0.81-0.94; p < 0.001). Multiple logistic regression analysis showed an association of serum melatonin levels with 30-day mortality (Odds Ratio = 8.16; 95% CI = 2.30-28.95; p = 0.001) after controlling for midline shift, glycemia, early evacuation of SIH, and Intracerebral hemorrhage (ICH) score. Conclusions: The novel findings by our study were the presence of higher serum melatonin levels in non-surviving patients than in surviving patients and the association of these levels with mortality.
Introduction
A large number of deaths and disabilities as well as the need for a high consumption of care resources are caused by spontaneous intracerebral hemorrhage (SIH) [1] . Oxidative stress has been implicated in the secondary brain injury of SIH [2] [3] [4] .
Melatonin, a lipophilic amino acid derived from tryptophan, is synthesized in the pineal gland and also on other organs such as the retina, thymus, bone marrow, and gastrointestinal tract [5, 6] . Melatonin has a role in sleep regulation, shows antioxidant effects due to upregulation of some antioxidant enzymes, and is a potent reactive oxygen species scavenger [7, 8] . The administration of melatonin in animal models with SIH has been associated with beneficial effects, such as the reduction of oxidative damage and motor dysfunction [9, 10] . Previously, we found a higher oxidative state in non-survivor SIH patients than in survivor patients, as assessed by serum concentrations of malondialdehyde [11] (biomarker of lipid peroxidation) [12, 13] . However, to our knowledge, there are no published data about circulating melatonin levels regarding the prognosis of SIH patients. Therefore, the objectives of this study were to determine whether serum melatonin levels in SIH patients were associated with early mortality and whether they could be used as prognostic biomarkers.
Methods

Design and Subjects
This observational and prospective study was made with the approval by the Review Board of the six Spanish hospitals participating: H. Clínico Universitario de Valencia, Universitario Nuestra Señora de Candelaria (Santa Cruz de Tenerife), H. General de La Palma, H. Universitario Dr. Negrín (Las Palmas de Gran Canaria), H. Universitario de Canarias (San Cristóbal de La Laguna), and H. Insular de Las Palmas de Gran Canaria. Written and signed informed consent was obtained by a family member of each patient.
Patients with supratentorial SIH and clinically severe (defined as Glasgow Coma Scale (GCS) [14] <9) admitted to Intensive Care Units were included in the study. Patients with infratentorial hemorrhage, traumatic hemorrhage, hemorrhagic transformation of brain infarction, age <18 years, pregnancy, inflammatory disease, or malignant disease were excluded from the study.
Variables Recorded
Epidemiological variables such as age and sex were collected. Blood variables were also collected such as the international normalized ratio (INR), activated partial thromboplastin time (aPTT), platelets, fibrinogen, sodium, lactic acid, creatinine, glycemia, and the arterial oxygen pressure/fraction of inspired oxygen ratio (PaO 2 /FIO 2 ). The following scores were recorded: the Acute Physiology and Chronic Health Evaluation II (APACHE II) score [15] , GCS, and the intracerebral hemorrhage (ICH) score [16] . Additionally, the site, volume, and cause of SIH, as well as the presence of intraventricular hemorrhage, hydrocephalus, transtentorial herniation, or midline shift were also recorded. In addition, we registered early SIH evacuation (within first 24 hours of SIH diagnosis), and mortality at 30 days (which was considered the study end-point).
Blood Samples and Determination of Serum Melatonin Levels
Serum samples at moment of severe SIH diagnosis were taken and frozen at −80 • C until its analysis in the Physiology Department at Faculty of Medicine of University of La Laguna (Tenerife, Spain). Serum melatonin determinations were made using a kit from Immuno Biological Laboratories (IBL Hamburg GmbH, Hamburg, Germany). The assay had a detection limit of 0.13 pg/mL, an intra-assay variation coefficient of 6.4%, and an inter-assay variation coefficient of 11.1%.
Statistical Methods
Frequencies and percentages were used to report categorical variables, and medians and interquartile ranges were used to report continuous variables. The Chi-square test was used to compare categorical variables between surviving and non-surviving patients, and the Wilcoxon-Mann-Whitney test was used to compare continuous variables. The prediction capacity of mortality at 30 days involving serum melatonin levels was estimated by performing a receiver operating characteristic (ROC) analysis.
To determine the association of serum melatonin levels with 30 day-mortality, a multiple logistic regression analysis was performed controlling for midline shift, glycemia, and early evacuation of SIH and ICH scores; while an odds ratio and its 95% confidence intervals (CI) were used to estimate the clinical impact of the variables included in the analysis. Kaplan-Meier curves were constructed using serum melatonin levels > 3.94 pg/mL (because it was the optimal cut-off according to the Youden J index) and mortality at 30 days. To do the statistical analyses, the programs NCSS 2000 (Kaysville, UT, USA), LogXact 4.1 (Cytel Co., Cambridge, MA), and SPSS 17.0 (SPSS Inc., Chicago, IL, USA) were used. p-values < 0.05 were considered statistically significant.
Results
Non-surviving (n = 46) patients showed higher glycemia (p = 0.01), older age (p = 0.006), ICH score (p < 0.001), APACHE-II score (p < 0.001), midline shift (p = 0.005) and intracerebral hemorrhage volume (p = 0.02), and lower GCS (p < 0.001) than surviving SIH patients (n = 54). In addition, non-surviving patients had higher serum melatonin levels than surviving patients (p < 0.001) ( Table 1) . An area under the curve was found for the prediction of 30-day mortality by serum melatonin levels of 0.89 (95% CI = 0.81-0.94; p < 0.001) (Figure 1 ). Kaplan-Meier analysis showed higher mortality at 30 days in patients with serum melatonin levels > 3.94 pg/mL (Hazard ratio = 37.2; 95% CI = 17.5-79.0; p < 0.001) ( Figure 2 ). Multiple logistic regression analysis showed an association of serum melatonin levels with 30-day mortality after controlling for midline shift, glycemia, early evacuation of SIH, and the ICH score (Odds Ratio = 8.16; 95% CI = 2.30-28.95; p = 0.001), and after controlling for age, GCS, volume of SIH and intraventricular hemorrhage (Odds Ratio = 7.75; 95% CI = 2.05-29.27; p = 0.003) ( Table 2) . A positive association between serum levels of melatonin and malondialdehyde was found (rho = 0.43; p < 0.001); but not between serum melatonin levels with age (rho = 0.19; p = 0.06) and the SIH volume (rho = 0.11; p = 0.31). 
Discussion
To our knowledge, our study showed serum melatonin levels in SIH patients for first time. The novel findings of our study were the presence of higher serum melatonin levels in non-surviving than in surviving patients and the association of those levels with lipid oxidation and mortality. Two regression models with five variables were constructed to avoid an over-fitting effect because 46 nonsurvivor patients were recorded in our study. The variables included in the first model were serum 
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To our knowledge, our study showed serum melatonin levels in SIH patients for first time. The novel findings of our study were the presence of higher serum melatonin levels in non-surviving than in surviving patients and the association of those levels with lipid oxidation and mortality. Two regression models with five variables were constructed to avoid an over-fitting effect because 46 non-survivor patients were recorded in our study. The variables included in the first model were serum melatonin levels, glycemia, early SIH evacuation, ICH score, and midline shift, and the variables associated with mortality were the serum melatonin levels and midline shift. The variables included in the first model were age, volume of SIH, GCS, and intraventricular haemorrhage because those variables are included in the ICH score. This model also included serum melatonin levels, and the variables associated with mortality were serum melatonin levels, age and GCS. Our findings are consistent with the findings from previous studies showing an association between high serum melatonin concentrations and mortality in patients with traumatic brain injury [17] or brain infarction [18] .
Previously, serum malondialdehyde were determined in these patients and higher levels were found in non-surviving patients than in surviving patients [11] . In our current study, a positive association was found between circulating levels of melatonin and malondialdehyde. Malondialdehyde is a lipid peroxidation product that appears due to oxidation of phospholipids from cell membranes, which is released to extracellular space and finally appears in blood [12, 13] . In addition, this association between high circulating malondialdehyde levels and mortality has been found in patients with traumatic brain injury [19] or cerebral infarction [20] .
Another interesting point is that the administration of melatonin in SIH animal models have reduced oxidative damage [21] [22] [23] [24] [25] and motor deficit [21] . We believe that higher serum levels of melatonin and malondialdehyde in non-surviving patients compared to surviving SIH patients, and the association between serum levels of melatonin and malondialdehyde could mean that the non-survivors have higher oxidants species production, which is the origin of a higher oxidative damage (with higher serum malondialdehyde levels) and higher serum melatonin levels (attempting to maintain a balance between antioxidant and oxidant states). However, those higher serum melatonin levels in non-surviving patients are not able to compensate for the high production of oxidant species, and they contribute to brain damage and ultimately to patient death.
We must recognize some limitations of our study, such as the fact that we have not assessed circulating melatonin levels during the evolution of the patient and other oxidative damage products. In addition, we have not determined blood melatonin levels in healthy subjects; although the levels found in other series were 15.15 ± 1.65 pg/mL [26] . However, we believe that our findings in SIH patients could motivate research on melatonin in SIH patients.
Conclusions
The novel findings of our study were the presence of higher serum melatonin levels in non-surviving patients than in surviving patients and the association of these levels with mortality.
Author Contributions: L.L. was responsible of conceive, design and coordinate the study, made substantial contributions to acquisition of data, analysis and interpretation of data, and drafted the manuscript. M.M.M., L.R., M.A., J.S.-V., J.J.C., and V.G.-M. have made substantial contributions to acquisition of data and provided useful suggestions. P.A.-G. determined blood concentrations. A.J. have made substantial contributions to analysis and interpretation of data. All authors read critically and approved the manuscript, and agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved Funding: This study was supported by a grant (OA18/011) from Fundación DISA a la Investigación Médica 2017 (Santa Cruz de Tenerife. Spain) and by a grant from Grupo de Expertos Neurológicos de Canarias (GEN-Canarias. Santa Cruz de Tenerife. Spain). Funding did not influence in the study design, the collection, analysis, and interpretation of data, the manuscript writing, and the decision to submit it for publication.
Conflicts of Interest:
The authors declare no conflict of interest.
